Abstract: Recent environmental and land use changes have made wildfires more frequent in natural habitats of the Kiskunság Sand Ridge on the Hungarian Plain. In a study initiated 2.5 years after an extensive fire that destroyed half of the area of a sand grassland -juniper, poplar forest steppe habitat, we assessed the effects of fire on two generalist arthropod groups: spiders and carabid beetles, as well as on the vegetation. Utilizing the natural experiment situation, samples were taken by pitfalls and suction sampling during a 1.5 years period in four 1 ha blocks, two of which were on the burnt part of the habitat, and two in the unburnt control. At the time of the investigation, in the burnt area the vegetation in the grass layer showed a quick but not complete recovery, while the canopy layer of the juniper bushes burnt down with no sign of regeneration. Carabid beetles and spiders showed differences in recovery after fire. In the carabid assemblages of the burnt parts -compared to the unburnt control -there were over three times more beetles, out of which significantly more represented the macropterous life form and granivorous feeding strategy. There was a higher ratio of pioneer species and a simplified assemblage structure in the burnt area, which meant that the conservation value of the carabid assemblage became lower there. In contrast, for the spider assemblage quantitative changes in abundance and species numbers were not significant, and the differences in species composition did not lead to a decrease in conservation value. Spider species in the burnt plots could not be described as pioneer species, rather they had ecological characteristics that suited the changed vegetation structure. Comparing the two groups, to repopulate the burnt areas, dispersal abilities proved to be more limiting for carabids. However, in both groups a strong assemblage level adaptation could be observed to the postfire conditions. In spiders, species with a stratum preference for the grass layer prevailed, while in carabids individuals with granivore strategy gained dominance. Thus, despite the differences in their speed, basically both assemblages tracked vegetation changes. The effect of future fires will depend on their scale, as well as land-use practices, such as grazing, that interact with fire frequency and recovery. If extensive fires in the future permanently change the vegetation, then it would also lead to a fundamental change in the arthropod fauna.
Introduction
Fires occur with increasing frequency in Hungary as a result of aridification and changing land use practices. The forest-steppe ecosystem even under the dry continental conditions of the Hungarian Plain cannot be considered a typical fire driven ecosystem. Still, aridification resulting from global climate change increases fire risk by lengthening the fire season (Wotton and Flannigan 1993) and decreasing effective moisture content (Verbesselt et al. 2006) . Human land use practices can also greatly contribute to the increase in fire frequency. Decreased livestock, herbivores and consequently a decrease in grazing pressure increase the fuel content of grasslands, while widespread homogeneous coniferous tree plantations with high flammability contribute to the ignition of fires, which spread to neighbouring grassy habitat patches. There were extensive wildfire events in our broader study site, in the area of Kiskunság Sand Ridge in 1976 , 1993 , which caused considerable damage to extensive areas of the national park (Ónodi et al. 2008 ). In the present study, we investigate the short term effects of fire on invertebrates, exemplified by two generalist groups, spiders and carabid beetles, relating their changes to changes in the vegetation.
The effects of fire have been widely studied in forest ecosystems (Holliday 1984, Wikars and Schimmel 2001) , especially in the boreal (Angelstam 1998 , Stocks et al. 1998 ) and tropical regions (Cochrane and Schulze 1999) , but also in tall grassland ecosystems (Hartnett et al. 1996 , Roques et al. 2001 , van Langevelde et al. 2003 . In short grasslands, the fuel content and therefore fire frequency are lower, and as a consequence less attention has been paid to the effects of fire in these ecosystems (but see: Dhillion and Anderson 1993, Differential ecological responses of two generalist arthropod groups, spiders and carabid beetles (Araneae, Carabidae), to the effects of wildfire Mangan et al. 2004 , Parmenter 2008 . It is difficult to extrapolate the effects of fire across different grassland types. Such extrapolation has been explicitly attempted between North American grasslands and South African savannas, with the result that under similar climatic conditions there can be consistent effects of fire on the abundance of grasses and forbs on both continents, but vegetational responses are often confounded by climatic conditions and grazing pressure (Knapp et al. 2004) . Furthermore, species composition makes responses even more varied, because a number of plant traits -such as height, position of tiller initiation, and position of meristems -all influence the response of species to the timing and frequency of fire (Fynn et al. 2005) .
Predicting the responses of invertebrates to fire can be even more complex, since they are modulated by the vegetation, and by their own biology (e.g., resistance to heat, dispersal capability, life cycle) and ecological interactions. Similarly to studies done on the vegetation, invertebrate research related to fire is mainly concentrated in forest ecosystems, especially in the boreal regions (Buddle et al. 2000 , Pearce et al. 2003 , Koponen 2005 , Paquin 2008 . There are less studies in tall grass ecosystems (Cook and Holt 2006, Johnson et al. 2008) and only a few in short-grass, arid ecosystems (Langlands et al. 2006 , Nunes et al. 2006 . Most studies revealed complex effects of fire both within single taxocoenoses (carabids: Hordegen and Duelli 1999, spiders: Bischof 2006 ) and within multi-taxa assemblages (DawesGromadzki 2007 , Johnson et al. 2008 ). Dominance of species with different environmental tolerances and colonization power are documented to shift, with a usual increase of thermophilous, open habitat species (Bess et al. 2002 , Bischof 2006 . The cumulated result of compositional and dominance changes is rather unpredictable, and both decrease (Cobb et al. 2007 , Gillette et al. 2008 ) and increase (Collins et al. 1996 , Hordegen and Duelli 1999 , Hore and Uniyal 2008 of diversity have been reported.
Since decreased grazing pressure and increased fire frequency contemporarily change natural habitats in the Kiskunság area, we intended to document changes and regeneration process after fire in both the vegetation and the invertebrate fauna. Our study object, the sand grassland -juniper bush mosaic is especially sensitive to fire, because while the grassland itself regenerates seemingly quickly, juniper bushes are destroyed by fire beyond the capability of regeneration (Wink and Wright 1973) . The extent of habitat destruction raises the question to what extent the invertebrate fauna is affected. One would expect a decrease both in abundances and species numbers, especially in the case of nonpioneer, high conservation value species. Because of the few studies in short grass ecosystems, and the difficulties to extrapolate from other studies even in similar habitats, we regarded it important to study the effects of fire in this particular habitat type. After a wildfire had created a natural experiment situation, we examined how fire affected the structure of assemblages of the chosen invertebrate groups of the sand grassland -juniper mosaic, and also the possible change in their contribution to the regional species pool and the conservation value of the respective assemblages after the fire event.
Materials and methods

Study site
Our study site lies on the Hungarian Plain, in the outskirts of Orgovány (N46°47', E19°27'), on a forest-steppe area, which is one of the westernmost extensions of the foreststeppe zone in Europe (Kovács-Láng et al. 2000) . The area is located on the Kiskunság Sand Ridge and is part of the Kiskunság National Park. The vegetation has a semi-desert character because of the extreme soil moisture regime due to the coarse sand texture (Molnár 2003) . The climate is temperate continental with Sub-Mediterranean effects (Zólyomi et al. 1997) . Annual mean precipitation is around 500-550 mm and mean monthly temperatures range from -1.8°C to 21°C (Kovács-Láng et al. 2000) . The study site is a mosaic of open sand grassland and woody patches of Juniperus communis, Populus alba and Populus nigra. The largest part of the grassland belongs to the plant association Festucetum vaginatae (Rapaics), which is dominated by perennial grasses (Festuca vaginata, Stipa borysthenica, Koeleria glauca, Bothriochloa ischaemum) . Festucetum vaginatae is an endemic and pioneer association (Fekete 1992) in the Carpathian basin, growing in semiarid climatic conditions on calcareous sand soil with low humus content. The main growing season in the open sand grassland is late spring.
The area experienced an extensive fire on 19-20.06.2000 , in which 120 ha of the mosaic vegetation burnt down. The fire could be only stopped along a dirt road. Previous botanical survey and aerial photographs of the area indicated that the pre-fire vegetation on the two sides of the dirt road were originally virtually identical. We utilized this natural experiment situation by establishing four fenced study blocks, each ca. 1 ha in size, with two on the burnt and two on the unburnt side of the dirt road during the summer of 2002 (Fig. 1) . Fencing was needed to keep out large mammals. Because of the natural experiment situation, spatially interspersed replication (Hurlbert 1984) of the 'fire' treatment was not possible.
Botanical survey
Within each fenced block we marked out 10 plots situated on open sand grassland patches lying among the woody juniper vegetation. Each plot contained five 1×1 m quadrats (Fig. 1) . We took botanical samples twice a year: before the dry summer season, in May, and in the middle of the autumn, in October. We estimated the canopy cover of plant species in the quadrats using visual inspection which has a low expected error at our quadrat size, especially in nutrient-deficient habitats (Klimes 2003) . In the multivariate methods (DCA and perMANOVA) we used the following botanical variables which in the preliminary analyses absorbed the most variance: estimated percentage cover of (1) Festuca vaginata, (2) Koeleria glauca, (3) Populus shoots, (4) perennial dicots, (5) mosses, (6) lichens and (7) open sand.
Arthropod sampling
Sampling of the arthropods was carried out in five out of the 10 botanical plots in each of the four blocks ( Fig. 1 ). Sampling that is considered here in all statistical analyses was made during the first period (between 21.10.2002. and 05.05.2004 ) of the total study period. In the second period, sampling continued in an unbalanced way (but in the same plots) for a further year, until 24.05.2005. Data of the catches from this second period, for reasons of completeness, are only included in the species list provided in the electronic Appendix.
Carabid beetle sampling was carried out by pitfall trapping. In each plot, we had five pitfalls arranged in a transect (2 m inter-trap distance) in the vicinity of the botanical quadrats. We used plastic cups of 80 mm upper diameter as pitfalls, filled with 40% ethylene glycol as preservative (Kádár and Samu 2006) . Traps were emptied at about monthly intervals, except for winter, which amounted to a total of 8 trap emptying occasions during the first sampling period. During the study (period 1+2) we collected 1753 specimens of adult carabid beetles. Carabid species were classified by their wing form (fully winged = macropterous vs. reduced winged = brachypterous) and feeding type (predator, omnivore, granivore) based on literature data (Desender 1986 , Bertrandi and Zetto-Brandmayr 1991 , Hurka 1996 , Honek et al. 2003 and personal observations. The characterisation is listed in the electronic Appendix.
Spiders were in part gained from the same pitfall trap samples as carabids. Apart from that, we also used a handheld motorized suction sampler to collect spiders (Samu and Sárospataki 1995) , which collects from an area of 0.01 m . Ten such applications, from a cumulative area of 0.1 m , comprised one sample. In each plot and on each sampling occasion, 5 such samples were taken. Plots were revisited biweekly-monthly during the periods when it was possible to work in the field (e.g., no snow cover), leading to 14 sampling occasions during the first study period. We have collected altogether (period 1+2) 7857 spider specimens, out of which 4858 were adults and identified to species level. Spider species were characterised into lower stratum or higher stratum preference based on their relative catchability by the methods pitfall traps, suction sampling, sweep netting and limb beating in the national database. The characterisation is listed in the electronic Appendix.
We regarded the number of individuals caught by the above methods as a relative measure of the density of either groups. Although the classical interpretation is that suction sampling is an absolute method of density estimation (Southwood and Henderson 2000), Samu et al. (1997) has shown that because of unspecified edge-effect, that is not strictly the case. On the other hand, while pitfall trapping is considered as a relative method that yields 'activity density', longer term use of the method averages out short term variations due to activity. Thus we regard that both methods yield an estimate that is related to density (i.e., catches are a function of true density), and if so, then their combination -simple summation for the present case -will also be related to density. For brevity we refer to the summed counts of catches as 'abundance'. All data from a plot were pooled across the five samples (traps or suction transects) and all dates. In case of spiders, where -unlike for carabids -two different sampling methods were applied, data were either additionally pooled across methods or were not pooled but taken separately by methods as indicated in each analysis. Eventually, the units for all subsequent analyses were the plots (n = 20).
Statistical analysis
Possible differences between burnt and unburnt plots, either in terms of botanical variables or their spider or carabid beetle species composition, were visualised by ordination analyses. For botanical data Detrended Correspondence Analysis (DCA) was used. This method is commonly applied to community data (Basset et al. 2004 , Bragagnolo et al. 2007 . To carry out DCA we used PC-ORD version 5 (McCune and Mefford 1999), which overcomes instability in plot ordering as shown by Oksanen and Minchin (1997) . We applied Canonical Correspondence Analysis (CCA) to spider and carabid assemblage data, where the ordination of plots and species was constrained by their relationships to botanical parameters.
We tested the significance of any difference in the vegetation, spider and carabid assemblage found in the burnt vs. unburnt blocks by perMANOVA test. This is a distance- Aerial photograph made at the study site after burning. The NW-SE dirt road represents the main boundary between the burnt and unburnt areas. The four areas marked out are the c. 1 ha fenced study blocks. Within each block the 10 botanical survey plots are marked. Out of these, + signs denote plots where arthropod survey took place. The layout of botanical quadrats and pitfall trap transect in a plot is depicted on the insert picture.
based multivariate analysis of variance with species abundances of the given assemblage (or with botanical variables, such as plant species, sand coverages) are the multiple dependent variables. With the method the null hypothesis of no difference in the distance structure is evaluated with permutation tests (Anderson 2001) ; implemented in PC-ORD version 5 (McCune and Mefford 1999) . For the present analyses Sorensen distance was applied. The specificity and fidelity of arthropod species to the burnt or unburnt habitats were expressed by Indicator Species Analysis (Dufrene and Legendre 1997) .
The effect of 'fire' treatment on the total abundance of the two arthropod groups was analysed by Generalised Linear Models (GLIM, Poisson distribution, log link function). We included a nested design for the 'block' effect, and in the case of spiders 'method' effect and interaction between the 'fire' treatment and 'method' was also included.
Any changes in the conservation value of the assemblages between the burnt and unburnt plots were visualised by ordination in the multivariate space of the major conservation value components (Samu et al. 2008 ), consisting of (1) species richness, (2) abundance, (3) equitability (Shannon evenness) and (4) rarity (a mean of species rarity values, each obtained as proportional abundance of a species in the independent national reference database).
Results
Botanical differences
Three years after the fire the botanical and physiognomical states of the burnt and unburnt sites were clearly different. Juniper bushes -that made the unburnt area a mosaic of bush and sandy grassland patches -burnt down to carbonised trunks in the fire afflicted area, making it more homogeneous and open. Originating from groups of poplar trees, young Populus shoots came up at high densities after burning. Lichens and mosses that commonly covered open sand in the unburnt parts were affected adversely by the fire, while some grass species (e.g., Festuca vaginata, Koeleria glauca) benefited from fire. These grasses presumably took advantage of the open space created by fire, and from the extra nutrients originating from the ash. These vegetational differences were made clearly visible by ordination (Fig. 2 ) and proved to be highly significant in the perMANOVA test (Table 1) .
Response of spider assemblages to fire
Spider assemblages sampled from the burnt and unburnt plots showed qualitative, but not any significant quantitative differences. Out of the 87 spider species collected from the area, 71 were caught in the unburnt and 65 in the burnt part. From these 22 and 16 species were unique (not caught in the other part ) in the unburnt and burnt parts, respectively (for details refer to the electronic Appendix). Spider abundanceafter controlling for 'method' and 'block' -did not differ statistically between the two areas, nor did the number of spe- Table 1 . Results of perMANOVA analyses on the effect of fire (burnt vs. unburnt). For the list of botanical and conservation value variables see the Materials and Methods section. Spiders and carabids were represented in the analyses by the 11 most dominant species. In the case of spiders, analyses were run for the complete data set and by method. Each time the relevant subset of the data was considered. Significant results are highlighted with bold type. (Table 2) . Since we applied raw counts of individuals caught, and suction sampling yielded smaller catches, the effect of 'method' was highly significant in the GLIM model, but the interaction between 'method' and 'fire' was not or only marginally significant either for abundance, or for species numbers (Table 2) . We assume that the marginal effect meant that suction sampling had somewhat higher catches in the unburnt treatment because a larger volume of higher strata vegetation was present in the unburnt area from which this method could collect spiders.
Overall assemblage structures were also very similar (Fig. 3ab ), and at a Family level there were only moderate shifts between family dominances. Notably, in the unburnt area Uloboridae (represented by only one species, Uloborus walckenaerius) was more dominant. This spider prefers lower juniper branches. In the burnt area, Thomisidae (crab Table 2 . The difference between the burnt vs. unburnt plots (treatment Fire, n = 20) in terms of total abundance and species numbers by Generalised Linear Modelling (GLIM, Poisson distribution, log link function) with a nested design for Block effect; in the case of spiders including Method effect and interaction between the main treatment and sampling method. Significant results are highlighted with bold type. spiders) were more abundant, which prefer the canopy level of the grass layer and the ground level.
At the species level, the respective spider assemblages had markedly different compositions, in spite of higher level similarities. This was indicated by the significant perMA-NOVA tests (separately by methods, and for the pooled data of methods; Table 1 ). CCA separated the burnt and unburnt plots, and revealed associations between botanical variables and species along axis 1 (Fig. 4a) . Species, which are known for their high preference for sand (Gnaphosa mongolica, Alopecosa psammophila) , Szita et al. 2006 ) occupied a rather central position, and at such a small scale showed no positive association with open sand. Some wolf spider species (Arctosa perita and Alopecosa cursor) had a preference for the burnt parts, while some web builders (Mangora acalypha and Uloborus walckenaerius) clearly preferred the unburnt plots (Fig. 4a) . It could be shown that the number of individuals (but not the number of species) that prefer higher vegetation strata was significantly higher in the unburnt part, and vice versa, those spiders which belonged to species with known preference for the lower stratum were more abundant in the burnt area (Table 3) . Indicator Species Analysis gave very similar separation between spider species preferences (Table 4) .
We also evaluated whether burning caused any deterioration in the quality of the arthropod assemblages. For this, Table 3 . Contingency table analyses between fire treatment (levels: burnt, unburnt) and species specific traits on the number of individuals or number of species falling into the categories. The last analysis was made on the number of carabid species falling into the categories of two traits. For spiders the trait stratum preference had two categories: lower stratum indicating preference for ground level and grass layer and higher stratum with preference for higher herb and bush canopy layer. For carabid species, two traits were considered. Feeding type could be predatory, omnivore or granivore; the trait wing form could fall into three categories: brachypterous, macropterous and polymorphic. The latter category, consisting of only 3 uncommon species, was excluded from the analysis. Significant results are highlighted with bold type. Figure 4 . Canonical Correspondence Analysis joint plot for burnt (solid triangle) and unburnt (hollow triangle) sampling plots in the ordination space of the 11 most frequent species constrained by seven botanical variables. a: spiders (two axes explain 35.4% and 8.1% of the variance in species data, respectively, and it corresponds to a significant correlation between species and environmental variables along axis 1, Monte Carlo test, 998 runs, P=0.01); b: carabid beetles (two axes explain 34.6% and 10.4% of the variance, axis 1: P=0.05).
we used a multi-criteria representation of conservation value (Samu et al. 2008) . Depicting the burnt and unburnt plots in the multi-criteria space revealed a complete overlap between the two categories, and consequently no difference in conservation value (Fig. 5a, Table 1 ). Thus, in the case of spiders, the difference in species composition did not translate to a change in the conservation value of the assemblage.
Response of carabid beetle assemblages to fire
Unlike spiders, carabid beetles were significantly, over three times more abundant in the burnt plots (Table 2) . Conversely, the number of species was higher in the unburnt area. Out of the 43 carabid species collected, 33 were caught in the unburnt and 27 in the burnt area, of which 22 vs. 16 species, respectively, were unique (for details refer to the electronic Appendix). On the other hand, species numbers per plot did not differ between the burnt and unburnt plots (Table 2) .
Burning had caused more structural changes in the carabid assemblages than in spiders, as indicated by the rank abundance curves and genus compositions (Fig. 3ab vs. Fig.  3cd ). Higher level changes were accompanied by significant changes in the species composition (Table 1) . CCA separated burnt and unburnt plots and also made visible the associations between environmental variables and species along axis 1 (Fig. 4b) . Indicator species analysis revealed that there was one species, Calathus erratus, which was indicator of the unburnt plots, and there were species (Harpalus spp. and Calathus ambiguus) which were significant indicators of the burnt plots (Table 4) . We compared two ecological characteristics: wing form and feeding type of the species (listed in Table 4 . Significant (P < 0.05) indicator species of the burnt or unburnt areas. IV = indicator value, P values are based on Monte Carlo test. Figure 5 . Detrended Correspondence Analysis of the burnt and unburnt study plots using variables reflecting the conservation value of the assemblages. a: spiders (coefficients of determination for the correlations between ordination distances and distances in the original n-dimensional space: axis 1: R = 0.600; axis 2: R = 0.132); b: carabid beetles (axis 1: R = 0.632; axis 2: R = 0.043).
the electronic Appendix). In the burnt part by wing form there were significantly more individuals that belonged to the good disperser macropterous species, and by feeding type more that belonged to granivorous species (Table 3 ). In the unburnt areas there were more brachypterous and more predatory individuals (Table 3 ). The character states of 'wing form' and of 'feeding type' occurred independently of each other in the set of species present in the area (Table 3 ).
The contrasting assemblages in the burnt and unburnt plots, in the case of carabids, did result in a significant difference between the conservation value of the respective assemblages (Table 1 ). The ordination plot (Fig. 5b) shows that the assemblages in the burnt vs. unburnt plots were mostly separated along a gradient that was marked at one end by the presence of highly abundant species (burnt plots: lower conservation value situation), and at the other end by high equitability (unburnt plots: higher conservation value situation).
Discussion
Repopulation of a burnt habitat depends on fire survival, available species pool, recolonization power of the organisms, time allowed for recolonization and also on how much the habitat is different from the original at the time of recolonization. For the present experiment two of these factors could be regarded constant: (i) only part of the original habitat was affected by fire, so a nearby species pool could be regarded as available; (ii) the timeframe of the investigation was fixed; i.e., in the present experiment -by the means of comparison with unburnt control -we could only examine the relatively short term processes that occurred between 2.5 -4 years after the fire event.
The botanical studies revealed that the vegetation in the burnt areas was still markedly different during our study period after the fire. We assess that this was due to the specific fire sensitivity of the main elements of the pre-fire vegetation. The main physiognomical difference was caused by the complete loss of juniper bush patches (Wink and Wright 1973, Ónodi et al. 2008) . Lichens are also shown to have high fire sensitivity (Ketner-Oostra et al. 1999) , and were especially negatively affected in the present case, which led to the forming of open sand surfaces in the burnt areas, creating micro gaps (Franzese et al. 2009 ). Grass and forb regeneration was already quite advanced by the time of the investigation, but dominance structure was still somewhat different from the original because of the altered physical conditions and presumable biotic interactions during the successional process (Menges and Hawkes 1998) . Grazing -or the lack of grazing, as was the case in our example -may also alter the successional processes. The grazing-fire interaction can be further interesting, because if grazing is introduced into the regeneration process, it will decrease litter, and therefore the flammability of the vegetation (Ónodi et al. 2008 ). This way grazing may interrupt fire cycles and may create an equilibrium state, where fire probability is low (van Langevelde et al. 2003) .
Postfire development of animal communities is often driven by the recovery rate of the vegetation (Bess et al. 2002) . However, dispersal ability, arrival order (Ejrnaes et al. 2006 ) may influence the recovery processes. We predicted dispersal to be less limiting for spiders, because spiders disperse cursorially and aerially (by ballooning), and they can be regarded as good dispersers. Smaller species may balloon as juveniles and adults, while larger species are known to balloon in small juvenile stages only (Weyman 1993) . Dispersal overall did not prove to be a limiting factor in recolonization experiments (Meijer 1977 , Ehmann 1994 . Spider assemblage recovery after disturbance was often found to be a fast process (Koponen 1995 , Spuogis et al. 2005 , and it was rather the local biotic and abiotic interactions, especially habitat (vegetation) structure that determined the species composition in various habitats (Scheidler 1990 , Hurd and Fagan 1992 , Samu et al. 1999 . Grazing, by modifying vegetation structure, was specifically shown to change spider species composition in another Hungarian sandy grassland (Horváth et al. 2009 ).
The indicator and/or dominant spider species of the burnt area rather reflected fire inflicted differences in the available microhabitats, and they could not be considered especially good ballooners or pioneer species. This is similar to the findings of Moretti et al. (2002) for burnt subalpine forests. Some large bodied cursorial species (Arctosa perita, Gnaphosa mongolica) have known preferences for open sand areas (Szita et al. 2006) , which became available on the burnt parts. Some crab spiders (Thomisus onustus, Xysticus kochi), also indicators of the burnt area, might have taken advantage of the more lush grass layer vegetation. On the other hand, orb weaver spiders (Uloborus walckenaerius, Mangora acalypha) were indicators of the unburnt parts, where the shrub canopy layer provided suitable web building sites. Thus, we regard that the difference between spider assemblages in the burnt vs. unburnt areas is mostly due to differences in habitat structure.
Aerial colonization ability in carabid beetles is linked to wing development, with macropterous species being capable to disperse aerially. There may be a trade-off between dispersal ability and establishment ability (Gutierrez and Menendez 1997) . Permanent carabid assemblages are characterised by a higher proportion of brachypterous species (Desender 1996, Gutierrez and Menendez 1997) , and different successional stages by a shift of macroptery dominance to brachyptery dominance (Gobbi et al. 2007 ).
Since both macropterous and brachypterous species could be found in the local carabid species pool, we predicted that wing form will influence which species can re-populate the burnt areas initially. If we analyse the changes from unburnt to burnt, it can be seen that many species that were already dominant or subdominant in the assemblage of the unburnt part, attained a population increase in the burnt part. These carabid species (mostly Harpalus spp.) are nearly exclusively macropterous species and granivores. Granivore carabids feed largely on grass seeds, and therefore granivory can be a response to the changed vegetation (increased grass cover) in the burnt areas (Gongalsky et al. 2006 , Koivula et al. 2006 . However, brachypterous but also granivore Harpalus species (H. autumnalis, H. pumilus), did not develop higher abundances in the burnt areas. The only significant indicator of the unburnt parts was Calathus erratus, a predatory brachypterous species. The relatively higher number of brachypterous individuals in the unburnt areas and their under-representedness in the burnt area suggested that dispersal capabilities had a role in determining which carabid species could successfully re-populate the burnt areas.
Feeding type and wing form were statistically independent in the given set of carabid species. At the species level predatory species occurred equally, or even in higher abundances in the burnt parts (e.g., Calathus ambiguous, Cicindela hybrida), but at the individual level predatory feeding was associated with the unburnt area because of the dominance of C. erratus. The presence of a number of hygrophilous species (Acupalpus parvulus, Agonum lugens, Pterostichus spp.) in low abundances in the more shaded unburnt parts, but their complete missing in the burnt areas also shows that macropterous species may more flexibly use the right habitats. Overall, it can be assessed that both the adaptation to the changed habitat and dispersal capabilities were important factors in forming the carabid assemblages.
Comparing the two groups -if we assume that in situ spider survival of the fire was not higher than carabid survival -it can be concluded that spider re-population was more rapid. From the high proportion of macropterous individuals in the burnt part, it can be assumed that the carabid assemblage is in a relatively early successional stage (Magura et al. 2006) . On the other hand, the two groups were similar in the respect that both had species that were successful invaders of the burnt areas. Both for spiders and carabids it could be shown that species that established populations after the fire were suited to the changed vegetation either by their habitat preference or by their feeding ecology. The assemblage level adaptation proved to be so successful in carabids that abundances became actually higher in the burnt part.
Finally, it is important to assess larger and longer scale effects of fires that may occur in similar habitats of the Kiskunság. The conservation values of the spider and carabid assemblages were not affected equally. Because spiders followed vegetation regeneration more quickly, 2.5-4 years after fire they had a diverse assemblage which represented a conservation value not worse than in the unburnt areas. As carabid populations regenerated more slowly, their assemblages were more dominated by pioneer species, and therefore a decrease in conservation value was observed. Sheer species numbers and the number of unique species decreased for both groups after burning, therefore fire impact on local species pool can be considered negative. Extensive fires are likely to have negative effect on the species pool, while small, mosaic like fire patterns might even increase the overall species pool for a larger area. If fires occur with higher frequencies, or over larger areas, carabid beetles and other dispersion limited groups will be affected more severely. Future extensive fires and changed management practices may extirpate juniper patches and cause fundamental changes to the habitat. Since, on the long run, both groups seem to follow vegetation regeneration, such changes will then permanently alter the arthropod fauna.
